Physical Society, May 8.-Captain Abney, President, in the chair.-Messrs. Frith a nd Rogers read a paper on the true resistance of the electric arc. It was pointed out by Prof. Ayrton, at the British Association meeting at Ipswich, that if the ''true resistance " of an arc is defined as the ratio of a small increase of the P.D. between the carbons to the corresponding change in the current, it follows that this " true resistance" must be a negative quantity. In order to measure the "true resistance" without appreciably altering the form of the carbons, &c., the authors superpose a small alternating current on the main continuous current. The arc lamp employed was adjusted by hand, and the arc length was measured by projecting an image of the arc by means of a lens. The main (continuous) current and P.D. were measured by a Weston ammeter and voltmeter, while the auxiliary alternating current was measured by means of an air transformer and an electrostatic voltmeter. The authors find that between the limits employed the magnitude of the alternating current did not influence the results obtained for the resistance of the arc. The frequency, so long as it lies between the limits 250-7 complete alternations per second, and the wave form, do not influence the resistance, since the same results were obtained with a Pyke and Harris alternator, a Ferranti alternator, a Gramme alternator, and a Mordey transformer. For each make of carbon examined, four combinations were used :-+ cored, -cored ; + cored, -solid; + solid, -cored ; + solid, -solid. The general characteristic of the curves obtained is that for the + solid, -solid combination the "true resistance" is always negative; while for + cored, -cored it is always positive ; the other curves lying between these two extremes, those which have the + carbon solid always being more negative than those which have the + carbon cored. In the case of the curves showing, for solid carbons, the relation between the resistance of the arc and the P.D. between the carbons, the current being constant (ro amperes), a minimum (maximum nega:ive) value for the resistance occurs at about 55 volts.
Physical Society, May 8.-Captain Abney, President, in the chair.-Messrs. Frith a nd Rogers read a paper on the true resistance of the electric arc. It was pointed out by Prof. Ayrton, at the British Association meeting at Ipswich, that if the ''true resistance " of an arc is defined as the ratio of a small increase of the P.D. between the carbons to the corresponding change in the current, it follows that this " true resistance" must be a negative quantity. In order to measure the "true resistance" without appreciably altering the form of the carbons, &c., the authors superpose a small alternating current on the main continuous current. The arc lamp employed was adjusted by hand, and the arc length was measured by projecting an image of the arc by means of a lens. The main (continuous) current and P.D. were measured by a Weston ammeter and voltmeter, while the auxiliary alternating current was measured by means of an air transformer and an electrostatic voltmeter. The authors find that between the limits employed the magnitude of the alternating current did not influence the results obtained for the resistance of the arc. The frequency, so long as it lies between the limits 250-7 complete alternations per second, and the wave form, do not influence the resistance, since the same results were obtained with a Pyke and Harris alternator, a Ferranti alternator, a Gramme alternator, and a Mordey transformer.
For each make of carbon examined, four combinations were used :-+ cored, -cored ; + cored, -solid; + solid, -cored ; + solid, -solid. The general characteristic of the curves obtained is that for the + solid, -solid combination the "true resistance" is always negative; while for + cored, -cored it is always positive ; the other curves lying between these two extremes, those which have the + carbon solid always being more negative than those which have the + carbon cored. In the case of the curves showing, for solid carbons, the relation between the resistance of the arc and the P.D. between the carbons, the current being constant (ro amperes), a minimum (maximum nega:ive) value for the resistance occurs at about 55 volts.
With combinations having a cored positive this minimum becomes more strongly marked, and occurs at a lower voltage. The authors find that for cored carbons the position of this minimum is closely connected with the presence or absence of the dark space in the arc. For points on the curve to the right of the minimum point, the dark space is absent ; while for points to the left of the minimum, the dark space is always present. It was found that the effect of using as the + carbon a Carre carbon in which the core had been bored out, was to obtain a curve closely resembling that obtained when both carbons were solid. On filling this hollow carbon with plaster of Paris or kaolin, the resistance of the arc became positive. The above experiments were made with the + carbon uppermost ; other experiments, made with the arc inverted, showed that with solid carbons the resistance is not appreciably altered by inverting the arc. vVith cored carbons, however, the resistance, as well as the physical character of the arc, is altered ; since, on inversion, the dark space disappears, and the resistance considerably diminishes. If, however, the conditions under which the arc is burning are such that the dark space is absent, then inverting the arc does not alter the resistance. Attempts were made to measure the " true resistance " of a direct current hissing arc, but it was found that, even with the alternator at rest, there was a large deflection of the electrometer, showing that the current through a hissing arc was oscillatory. In order to elucidate the marked difference between their results for cored carbons and those deduced from Mrs. Ayrton's curves, the authors have made a series of measurements at low frequencies. They find that there is a critical frequency above which the resistance has a positive value which is independent of the frequency, and below which it has a negative value, this critical frequency lying between 7 · 5 and o. In order to investigate the sign of the resistance at low frequencies, the vibrations of the needles of the ammeter and voltmeter were made use of .. By an arrangement of mirrors, th e needles and scales of both instruments could be observed simultaneously. In this way it could be seen whether the two needles were, at any instant, vibrating in the same or in opposite directions. If the needles vibrate in the same phase, i.e. if an increase of P.D. is accompanied by an increase of current, then the resistance must be positive; while if they are vibrating out of phase, i.e. if an increase of P.D. is accompanied by a decrease in current, then the resistance is negative. An NO. I 386, VOL. 54] attempt to the arc off a continuous-current dynamo failed, smce even w1th the alternator at rest the electrometer showed a large deflection, evidently du e to the oscillation of the current, owing to the commutator of the dynamo having a finite number of segments. Prof . A. Gray doubted whether it was right to give the name "true resistance " of the arc to the slope of the curve connecting the potential difference (V) and the current (A). The authors' method of deducing 3V/3A was only true if the curve was a straight line ; while in the case of the arc, E and a may both vary with the current. Mrs. Ayrton said, that with reference to the question of the existence of a back E. l\1. F. the evidence tended to show that it did not exist. By using an exploring carbon, no constant back E.M.F would be found. Prof . Ayrton said, that considering the arc as consisting of a back E.M.F. and a resistance, it was necessary to separate these two. Simply obtaining one value of the P.D. and the current was of no assistance in solving this question, but a series of values had to be taken. By taking the change in P.D. and current sufficiently small, the curve over the range considered was practically straight. It was curious to note that as long as observers obtained a positive value for the resistance of the arc, no fault was found with the method; but that now a negative value was found, the accuracy of this method was questioned.
If a back E. M. F. does really exist, then it follows that the arc must have a negative resistance. Mr. Frith has shown why some people have got positive and some negative values for the resistance of the arc, and also that with an alternating current you may get either one or the other. Mr. Tremlett Carter asked if the fact that the arc had a negatiYe resistance did not imply a back E.M.F. in order that the arc might be stable. If so, was a negative resistance such an absurdity ? Mr. Campbell said he was very pleased to see that the authors had applied a method which he (Mr. Campbell) had suggested for measuring pulsating currents. If a pulsating current, such as could be obtained by· means of a make and break, were passed through a thermopile, you would get a back E. M.F.; while if an alternating current were employed, you would not. Mr. Frith, in his reply, said that he had defined the "true resistance" as dV/dA. Mrs. Ayrton. has shown that an arc will not run unless a certain resistance is placed in series with it ; this resistance must be numerically equal to the negative resistance of the arc itself. Prof . Ayrton said Mr. Frith's remarks as to the cause of the want of stability of an. arc without outside resistance, were most suggestive. The Chairman (Captain Abney) said he did not like the expression P.D. He suggested the employment of photography to facilitate the accurate registration of the instrument readings. The further discussion on the paper was adjourned to the next meeting on May 22.
Mathematical Society, April23.-MajorMacMahon , R.A., F.R.S., President, in the chair.-The President communicated a portion of the following abstract of a paper by Prof. W. Burnside, F.R.S., on the isomorphism of agroupwithitself. A oneto-one correspondence between the operations of a group, which leaves the multiplication table of the group unaltered, is spoken· of as an isomorphism of the group with itself. Such a correspondence may clearly be represented as a substitution performed on the symbols of the operations of the group, i.e. the isomorphism may itself be regarded as an operation, and the totality of the isomorphisms of a given group will themselves form a group. This group is known as the "group of isomorphisms" of the given group. The only general theorems connected witl< the isomorphism of a group with itself hitherto published are due to Herr 0. Holder 1 and Herr G. Frobenius." In the first part of the present paper I have reproduced such of the definitions due to Herren Holder and Frobenius as are necessary to render it self-contained, and also one fundamental theorem. An isomorphism is defined to be cogredient or contragredient according as it can or cannot be obtained by transforming all the operations of the group by one of themselves. The theorem is that the cogredient isomorphisms form a self-conjugate sub-group of the complete group of isomorphisms. A definition, due to Herr Frobenius, involving an important new conception, is that of a characteristic sub"group. It is as follows. If a sub-group of a given group is transformed into itself by every isomorphism of which the given group is capable, the sub-group is called a characteristic sub-group.
In the second part I have first investigated the conditions under which a group should have no characteristic sub-group. This condition is that the group should be generated by a number of holohedrically isomorphous simple groups, such that every operation of any one of them is permutable with every operation of all the rest; or, in the phraseology of Herr Holder, the group must be the direct product of a number of holohedrically isomorphous simple groups. The following theorem is then proved. If G is a group which has no characteristic sub-group, and if R is the group of greatest order that contains G self-conjugately, while at the same time no operation contained in R, and not in G, is permutable with every operation of G; then the group R admits of no isomorphisms, and contains no self-conjugate operatiOn except identity. A special case of this theorem is that the group defined by the congruences
dmits only cogredient isomorphisms. In the third part I consider the group of isomorphisms of certain simple groups, some of whose properties I have already dealt with in vol. xxv. of the Society's Proceedings. For the simple group of order 2"(22"-I) there defined, I show that the order of the group R of isomorphisms is 2n(2Zn-I)n, and that if His the group of cogredient isomorphisms, the factor group RfH is a cyclical group of order n. For the simple groups of order I),;\. an odd prime, it is shown that the order of the group R of isomorphisms is ;1."(;1. 2 " -I)n, the factor group R/H being the direct product of cyclical groups of orders 2 and n. The latter class includes as a special case, = 3 2 ), the alternating group of six symbols. In Herr Holder's paper, referred to above, the isomorphisms of the alternating group are dealt with, and, as compared with all other degrees, it is found that the alternating group of degree 6 behaves exceptionally, and requires rather elaborate treatment. There seems, however, to be no reason for regarding the alternating groups of different degrees as a set of groups which are characterised by common group-properties in the same way, for instance, as the groups of the modular equation for different prime transformations are ; and this view is borne out by the fact that there is nothing exceptional in the behaviour of the alternating group of degree 6 when regarded as one of the class of groups here considered.
-The President also read an abstract of a paper on division of the Lemniscate, by Prof. G. B. Mathews.-Dr. Hobson, F.R.S., read a paper on some general formulre for the potentials of ellipsoids, shells, and discs.-The President offered some remarks on the compensation for difference of capital in gambling a outrance, being a contribution to the theory of the " Duration of Play.''-Mr. Basset, F.R.S., read a paper on the stability of a frictionless liquid and the theory of critical planes. In the theory of the stability of the steady motion of a frictionless liquid which is bounded by the parallel planesy=o andy=a, the disturbed motion depends upon the equation
The usual process of solution fails whenever there is a plane, called a crz"tical plane, at which nfk + U = o, and the object of this paper is to examine the nature of the solution when such a plane exists. In steady motion U = cp(y), where cp is a given function; and if a critical plane exists, -njk = cp(c), which determines the relation between the time-constant n and the waveconstant k, provided a real value of c can be found which lies between o and a. The integral of (r) is of the form F(a, k, c) =o, and the conditions for the existence of a critical plane require that this equation should furnish at least one real value of c lying between o and a. But if one of the functionssay /,-becomes infinite between the limits, B=o, and the boundary conditions cannot usually be satisfied, in which case a critical plane cannot exist. When the form of U is such that d"Ufdf' does not vanish when y=c, a critical plane cannot exist except in very special circumstances. The paper concludes by showing that the particular solutions obtained by the hypothesis NO. I 386, VOL. 54 ] that x and t enter into the solution in the form of the factor. can always be generalised by Fourier's theorem, so as to mclude every possible disturbance which does not violate the ?ound_ary c-;mditions.
author and Mr. Love, F.R.S., joined m a d1scusswn on the subject of the communication. (2) The Pal<eaczs was found by the Rev. G. C. H. Pollen in the carboniferous limestone and shale series, on the banks of the Hodder, near Stonyhurst. The specific characters of the form were given by the author, who, in the light of the new information, gave a fresh definition of the genus Palmacis, which appears to represent a distinct family of perforate corals, in some features more nearly allied to the Favositidre than to the Madreporidre or Poritidre.
(3) The third specimen was discovered by Miss Margery A. Reid in the Lower Carboniferous beds of Balkin Mountain, Flintshire, and is named in honour of its discoverer. A description of it was given, and it was stated that, notwithstanding certain peculiarities, the individual pieces correspond so closely with those of the recent Eunice family that it may well be included in the genus Eunicz"tes.-The Eocene deposits of Dorset, by Clement Reid. The new survey of the western end of the Hampshire basin shows that the Reading beds become fluviatile and gravelly in Dorset (as was already known), and contain, in addition to chalk flints, many fragments of Greensand chert. The London clay thins greatly and becomes more sandy, but is apparently still marine. The Bagshot sands become coarser and more fluviatile, changing rapidly west of Moreton Station, till they consist mainly of coarse subangular gravel.
These gravels, formerly referred to the Reading series, are now shown to be continuous with the Bagshot sands, which as they become coarser cut through the London clay and Reading beds to rest directly on the chalk. The Bagshot gravels contain, besides chalk flints and Greensand chert, fragments of Purbeck marble and numerous Palreozoic grits and other stones probably derived from the Permian breccias of Devon.-Discovery of mammalian remains in the old river-gravels of the Derwent near Derby, Part i., by H. H. Arnold-Bemrose. A few mammalian bones were found in sinking a well at Allenton. On April 8, r895, the authors commenced further excavations, and were successful in finding a number of bones of a Hippopotamus, an E!ephas, and of a Rhinoceros. They were found in a dark-coloured sand above the river-gravel, at a depth of 9 feet 8 inches below the surface. Mr. Clement Reid found some twenty or more species of plant-remains in the sand. These plants "indicate a moist meadow or swampy ground, and a temperate ciimate. The species are all widely distributed.'' Part ii., by R. M. Deeley.
The deposits in which the bones were found occupy a wide trench which occurs on the inside edge of a gravel-terrace stretching for several miles south of Derby, at a height of I 5 or 20 feet above the modern alluvial plain. The gravels are of later age than the great chalky boulder clay, and were formed at a time when the rivers were removing from their preglacial valleys the older boulder clays, with which they had been partially filled. Gravels of two ages are recognised: (a) recent gravels well stratified, undisturbed, and covered in many places by a thick layer of brick-earth; and (b) high-level gravels showing "trail " and contorted bedding. It is in these latter gravels that the trench containing the mammalian remains occurs. Woodward read a paper on the dentition of certain Insectivores, and pointed out that there was strong evidence to show that the milk-dentition was undergoing reduction in this group as a whole, some of the milk-teeth in Erinaceus and Gymnura being present as small calcified tooth-vestiges only, while in Sorex there were ap· parently no calcified milk-teeth, but only vestigial milk-enamel organs.-A communication from Mr. A. D. Bullett contained some notes on the breeding of the Surinam Toad (Pipa americana), as recently observed in the Society's Gardens. It had been observed that the eggs when issued from the cloaca of the female, which was protruded into a bladder-like process during their production, were arranged on the back of the female by the action of the male.
Anthropological NATURE (vol. !iii. p. 614) . He found that his coil gave better results when a mercury interrupter was used, and, on regulating this to give one flash in the tube, he was struck by the peculiar colour of the discharge. He exhibited a photo of the hand taken with one flash, which was quite distinct. With ten flashes it was excellent. What the• exposure would be in the case of one flash, he could not say. He had tried the effect of the rays on tourmaline, but could find no trace of polarisation. Prof. M'Kendrick said he had satisfied himself that the rays had no elfect on the electric phenomena of the pulsating heart, nor on the motor nerves, but that they had an influence on the currents referable to the retina.-Dr. J. C. Dunlop read a paper on the action of acids on the metabolism. He showed them to have a marked diuretic action, to affect the acidity of the urine only slightly, the acidity being to a great extent neutralised by an increased alkali excretion, and to produce an increased excretion of nitrogen as pre-formed ammonia and extractives, but not as urea. His results did not agree with those of Dr. Haig in the same field.-The Secretary read a paper on clouds, by Mr. John Aitken.-Dr. C. G. Knott read a paper by Prof. J. M. Dixon, on a graphical representation of emotion as expressed in rhythm. The author plotted a graph of the number of syllables in each stanza of Browning's "Abt Vogler," and endeavoured to deduce from the graph the variations in Browning's feelings. Other specimens were treated similarly.
PARIS.
Academy of Sciences, May II. -On the r6le of the induction ring of iron in dynamo-electric machines, by M. Marcel-Deprez. A discussion as to the cause of the effect produced by the ring of iron in dynamos of the Pacinotli type. Some experiments are cited which tend to show that the explanations usually given in text-books are insufficient. The complete theory will be given in a future paper. Two plates of metal (copper and lead), after exposure to an electric arc for an hour, were made to enclose a negative and a sensitive plate, the faces that had not been exposed to the light being inwards. Precautions were taken to eliminate the possible effects of heat and of contact. That the resulting image must have been caused by something stored on the surface of the metal plates during the exposure to the arc lamp, was definitely proved by the negative results of parallel experiments with plates not exposed to the arc lamp.-The action of hydrogen bromide upon thiophosphoryl chloride, by M. A. Besson (see Notes, p. 63 ).-The action of air and of peroxide of nitrogen upon some halogen compounds of bismuth, by M. V. Thomas. The halogen compounds studied included the tribromide, triiodide, and the dichloride, which yielded as ultimate products bismuth oxybromide, bismuthic oxide, and bismuth oxychloride respectively.-Action of ethyloxalyl chloride upon the aromatic hydrocarbons in presence of aluminium chloride, by M. L. Bouveault. Under suitable conditions this reaction readily results in the production of ethyl phenyl-glyoxylate, or its derivatives.-On a new method of separating the methylamines, by M. Marcel-Delepine. The mixture of amine hydrochlorides is boiled with caustic soda, and the gases passed into commercial formaldehyde. This distillate is now heated with caustic soda, and, after drying, submitted to fractional distillation. Three principal fractions are obtained, at !5°-20°, 67°-68°, and 166° C. The first is trimethylamine, and the two latter, on heating with alcoholic hydrochloric acid, yield the pure hydrochlorides of dimethylamine and methylamine. The separation is more perfect than in the classical method with ethyl oxalate . Pilsby also described a specimen of Pugmts parvus, a ringiculate mollusc. The species is involute, a unique character, none of the fossil forms of the family possessing it. He also described a Central American Melanian, under the name Pachycheilus Dalli. It is distinguished by a remarkable double sinuation of the outer lip, which has a deep and wide pleurotonoid sinus above, and a rounded projecting lobe in the middle, below which it is again retracted.-On the nomination of the Entomological Section, Dr. Henry Skinner was elected Professor in the Department of Insecta. In response to an invitation from the Committee having charge of the celebration of the fiftieth year of Lord Kelvin's tenure of office as Professor of Natural Philosophy in the University of Glasgow, General Isaac Jones Wistar was ap. pointed to represent the Academy on the occasion.
March 25.-Dr. George H. Horn made a communication regarding the synonymy of the Elateridre. He specially described the prosternum of Ludius. A Lower California form had the pro-NATURE sternum of different shape from that of othermembersofthe genus, the mesosternum being more protuberant. It will probably be referred to Probothrium.-Mr. Chas. S. Welles exhibited specimens of the larva of Harrisimemna trz'signata. When fullgrown they bore into wood preparatory to changing into chrysalids.-A paper was read entitled "The breeding habits of Periplaneta orienta/is," hy C. Few Seiss. Three females deposited twenty-five egg-cases. Each of these contains sixteen eggs, so that a new generation of 400 cockroaches was represented by the deposit. The first of these egg-cases were dropped May 5 and May 14, 1895, and were hatched November 9· In most cases the deposits were dropped with no attempt at concealment, although in a few instances they were placed in little trenches made by the insect, and then covered up. The development of the capsules was described. The young, probably, receive no maternal care or protection. 
